1889]       VIBRATIONS  OF  AN INFINITELY LONG  CYLINDRICAL SHELL.
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Taking cylindrical coordinates (r, (f>, z), and denoting the displacements parallel to z, <£, r by u, v, w respectively, we have for the principal elongations and shear at any point (a, </>, z)*—
du
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w     1 dv „= —|------_
a    a dt
_ I du    dv a d(f)    dz'
•(1)
and the energy per unit of area is expressed by 2nh
•(2)
m + n
where 2/t denotes the thickness of the shell, and m, n are the elastic constants of Thomson and Tait's notation.
The functions u, v, w are to be assumed proportional to the sines, or cosines, of pz and s<£. These may be combined in various ways, but a sufficient example is
u = U cos s<j> cos IJLZ,       v = V sin s<j> sin IMZ,       w = TFcoss</> sinyu,,z;...(3)
so that                         <TJ = — //, U cos s</> sin pz,  ..............................(4)
<r2 = (W -f s F) cos scf) sin/A^r,    ........................(5)
•nr = ( — sU+ fj,V) sin sty cos pz, .....................(G)
unity being written for convenience in place of a.    The energy per unit area is thus
cos2s$ sir
+ I sin2 s<j) cos2 IJLZ (- s U+ ^ F)2  ....... (7)
Again, the kinetic energy per unit area is, if p be the volume density,
-T-   cos2 scj) COS'/A* +(-r,  ) sin2 s<j> sirPfus + I — 57 ) cos2 sd> sitf^z   . (8)
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In the integration of these expressions with respect to 0 and z, the mean value of each sin2 or cos2 is -J-f . We may then apply Lagrange's method. If the type of vibration be cos pt, and p*p/n = 7c2, the resulting equations may be written
-(2M+l)^V-2MfiW = Ot   ...(9)
)s2-A;2] V+ 2 (Jf + 1)*F= 0, ...(10)
where
m — n
.(12)
* See a paper on the " Infinitesimal Bending of Surfaces of Revolution" (London Math. Soc. Proc. Vol. xni. p. 4, Nov. 1881), and those already cited. [Vol. i. p. 55].]
t In the physical problem the range of integration for 0 is from 0 to 2ir; but mathematically we are not confined to one revolution. We may conceive the shell to consist of several superposed convolutions, and then s is not limited to be a whole number.
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1on the truth, did he let it go, and decide that light and heat are not occasioned by the same rays ?
